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MEMORANDUM REPORT
fon
-Army Air.Eqrgés,_Materiel Conmand
FLIGHT MRASUREMENTS OF THE RUDDER CONTROL AND SIDESLIP
CHARACTERISTIC§ OF FOUR VERTICAL TAIL ARRANGEMENTS
ON THE P-4O SERIES AIRPLANES
By Harold I; Johnson and Joseph R. Vensel
~ INTRODUCTION

Directional control difflculties had been experieﬁzéd.in
P-}j0 series alrplenes.in dive demonstrations and inadvertent
entry into splns 1in service operations. At the request of
the Army Air Forcés, Materlel Command, quentlitative measure-
ments of rudder trim force change with speed and power,
rudder force reversals in sldesalips, and rudder poslitions in
sideslips end straight flight of a P-LOE airplene were made. -
Qnantiﬁative measurements of these items were also made on
three other vertical tall arrangements supplied by the
Curtlss-Wright Corporation. The result s of these measure-
ments are presented in this report.

DESCRIPTION OF VERTICAL, TAILS TESTED
. Photogrephs of the four tail arrangements tested are

shown In figures 1 through 6. Tests of the original
vertical tail Gurtiss fin oxtension no. 1, and Curtiss fin
extension no. 6 on a tall fin (Curtiss dwg. SK-552l) and
rudder (Curtiss dwg. SK-5676) were made on a P-hOE airplane.
Flight measurements with the orlginal vertical tall moved
aft 20 inches were conducted on & modified P-LOF ainplane.
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Line drawings of the vertical tell surfaces, that 1is, the
origingl vertlcal tall, Curtliss fin extension no. 1, and
Curtiss fin extension no. 6, along with their respective
areas, are shown cn figure 7. . The rudder of the original
vertlical tall surfaces and of that usgd with fin extension
no. 1 were equlpped with balancing trim tabs, while the
rudders used with Curtiss fin extension no. 6 and the 20-inch
fuselage extension on the P-jOF airplane were equipped with
trim tabs only. The relations between rudder trim tab
position, rudder position, and cockplt tab setting are shown
on figures 8 through 11. The fin offset on the original
vertlical tell and on the tail with fin extension no. 1 was
1-1/2°%, while the fin offset for fin extension no. 6 and the
20-1nch fuselage extenslon was o°.

The center of gravity at teke-cff was maintalned at
approximately 27 percent of the meen aerodynamic chord on both
the P-}0E and the P-/|,OF airplanes.

INSTRUMENTATION AND METEOD OF TESTS

Flight test data were taken with standard NACA recording
instruments. The yaw-angle recorder was mounted a chord
length shead of the righp wing tip. 4 calibration of the
yaw-angle recorder was_m&de by mounting & similar recorder on
the left wing and recording both values simultaneously as the
airplane was flown through the speed range. One—half the

difference of the two recorded yaw angles was taken to
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represent the correction necessary to obtain true airplane

- yaw,_ engle when only one rocorder was used, as in the tests.

The magnitude of tnls correctilon was qulte small, belng
about 0° at minimum speed and 2°to 3° in the high-speed
range. -

The &alrspeed total head and the free-swiveling static
head were mounted a chord length ahead of the left wing tip.
A pllot's alrspeed meter and an-NACA alrspeed recorder were

 connected to these total and static heads., The use of =a

pllot's airspeed indicator connected in this way greatly
facllitated holding the alrspeed appreximately constant in
8ldesllips since the NACA free-swiveling static and total
head tubes are not affected as much Ly yaw as the stendard
service installation.

The dirsctional trim characteristics of the four vertl-
cal tall configurations were determined by flying the air-
plane 1in straight laterally level flight from minimum speed
to an indicated speed of about 350 mlles per hour with
power off and wlth rated power on in the clean conditlon,
that 1ls, wheels ﬁp, flaps up, and cockplt hood closed.

At least two rudder trim tab settings were used for
each power-off and power-on speed range coverage, and in
cases where rudder forces became excesslve the speed was
not lncreased beyond the point where 1f was extremely diffi-
cult to hold the airplane in stralght laterally level flight.

Simliler runs were also made in the landing condition both

with power off and with rated power.
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No speclal indicating instruments for stralght laterally
ievel flight were installed for the pilot as 1t was con-
sldered desireble to determine what angle of bank and yaw
angle could be expected in these airplanes when a pllot
attempted to hold stralght laterally level flight, par-
ticularly in a dive.

The sideslip or dlrectlonal stabllity characterlistlcs of
the four vertical tall arrangements were measured by permitting
no relative motion of the nose of the airplane with respect to
a distant point on the horizon and very slowly increasing the
bank with the alleron wuntll elther the 1limit of rudder travel
wae reached or the rudder force became too high. VWhile this
maneuver was being made, the pllot attempted to hold the
selected indlcated alrspeed constant by reference to the test
airspeed indlcator as noted above. The sldeslips were msade
in the clean condlitlion both with power off and with rated
power on.

RESULTS AND DIGCUSSION

The rudder-control characterlstics in stralght flight
are presented for the four vertlical tall arrangements tested
in flgures 12 through 23. The effectiveness of the rudder
trim tebs as a functlon of 1Indicated airspeed 1s shown on
figure 2l.

The sldeslip characteristics of the tall sarrangements

tested are shown in flgures 25 and 26, -Attentinsn is-
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"called to the rudder force reversals encountered 1ln the
. _.lower_ speed range with rated power on with the original P-L0E
alrplane., Sideslip characteristics for smail angles of yaw
are shown for all the tall configurations 1n 'igures 27
ané 28. .
A summary of the measured characterlstlcs for the four
tall arrangements tested is given in teble I. On the basils
of this comparison 1t 1s apparent that fin extension no, 6
on the tall fin (Curtise dwg. SK-552}) end rudder (Curtiss
dwg. SK-5676) 1s supsrior to all the other arrangements
tested. This vertical tail provided the minimum rudder
forece change with speed, snd the magnitude of the rudder
force change for stralght laterally lsvel flight from power
on to power off at the semn speed was only.about 0 pounds
in the high-spsed range. No rudder force reversals 1n
sldeslips were encountered and the directional stablllty
as measured by the slope of rudder angle versus sldeslip
angls was greater than for any of the othsr vertical taills.
The test results further indicate that the 20-inch
fuselage extension in 1tself, as tested on.the P-LOF alr-
plane, did not contribute as much to directlonal stability
as measured by %E? as did the zlight addition of area ac-
complished by adding fin extension no. 1 to the original
P-LOE fuselage vertical tall comblnation. This can be

readlly seen from table I by comparing test no. 1 with
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no. 2 end no. L. The incorporation of the 20-inch fuselage
extension did not, therefore, in itself materially ilmprove any
of the dirkectlional characterlstics Investlgated, clthough
spinning has not been consldered.

It appears from an analysls of the data of all the vertli-
cal talls tested that a vertical tall combinestion (although
the particular combination was not tested) consisting of fin
extension no. 1, fln offset O°, with the original rudder and
a rudder tab for trimming only, would ell ilnate the major
faults in the directional characteristics ol the presert
P-}j0 airplanes. The incorporation of this vertical teil
comblnation would mean that the rudder force change with speed
and power in the high-spsed range would be acceptable ‘and no
rudder force reverssls in sldeslips would be expected. The
force changes expérienced in the low-speed power-on regime of
flight would be falrly large but not excessive. It 1s be-
lieved that this change could be eeslly incorporated in the
alrplanes already in servico.

The reeson for the selection of a rudder tab for trimming
only in the suggested service change 1s based on a study of
the original vertical taill that indicated that the balancing
action of the tab materially contributed to tho rudder force

reversals in slideslins.
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CONCLUSIONS
Ein extenslon.nc. .5 on. the tull fin (Curtiss dwg.
SK-552l;) and rudder (Curtiss dwg. SK-5676) are recormended
as the most satlsfactory of the four verticel tall arrange-

ments tested insofar as rudder force change wlth speed or

power, rudder force reversals ln sideslips, and dirsctional

stabllity are concernsd.

An arrangement consisting of fin extension no. 1 on
the original fin with the offset 0° and the original rudder
with the tab rigged fer trimmlng only 1s-suggested by an
analysiyg of the test results as an alternaete modification
that could be mcre easily lncorporatec than the above
arrangenient. This latter arrangewment would exhiblt rather
large but still conirollable CFforces in the lower end of the
speed range with power on, but would avold some of the
structural difficultles involved in t.ae installation of the
much larger fin and probably would be more acceptable as a
service change.

Langl ey Memorlal Aeronautical Laboratory,

National advisory Committee for Aeronautics,
Langley Fleld, Va., October 9, 1942.
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Figure 6.~ Side view of original vertical tail on the P-40F airplane with a 20-inch

fuselage extension,
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NATIONAL ADVISORY
COMMIT TEE FOR AERONAUTICS.

P-40E Airplane
Fin offset 13°
7rim and balance tab

——————— P-40F Arplane
Fin offset 0O°
7rim tab only
20" fuselage “extension

Figure Tb, ~ Comparlson of original vertical tail arrangements
teated on the P-LOE airplane and on the P-LOF airplane with
the extended fuselage.
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